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HIGHLIGHTS 


►  The  corrosion  kinetic  of  the  alloy  is  minimized  in  slightly  neutral  solution. 

►  In  acidic  or  neutral  solution,  general  and  pitting  corrosion  occurred  simultaneously. 

►  In  alkaline  solution,  the  alloy  mainly  suffered  general  corrosion. 

►  The  alloy  undergoes  two  types  of  pitting:  hemispherical  and  crystallographic. 
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Effects  of  1  M  HC1,  0.6  M  NaCl  with  different  pH  values  and  4  M  NaOH  solutions  on  the  corrosion 
behaviour  of  Al-5Zn-lMg-0.02In-0.05Ti-0.5Mn  (wt%)  alloy  have  been  investigated  using  measure¬ 
ments  of  self-corrosion,  potentiodynamic  polarization,  cyclic  polarization  experiment  combined  with 
open  circuit  potential  technique  and  scanning  electron  microscopy.  The  corrosion  behaviour  of  the  alloy 
was  found  to  be  dependant  on  the  Cl~,  OH"  ions  and  pH  value.  In  acidic  or  slightly  neutral  solutions, 
general  and  pitting  corrosion  occurred  simultaneously.  In  contrast,  exposure  to  alkaline  solutions  results 
in  general  corrosion  which  was  traced  back  to  the  dissolution  of  the  resistive  oxidation  film  on  the 
surface  of  the  alloy.  Experience  revealed  that  the  alloy  was  susceptible  to  pitting  corrosion  in  all  chloride 
solution.  The  alloy  undergoes  two  types  of  localized  corrosion  process,  leading  to  the  formation  of 
hemispherical  and  crystallographic  pits.  Polarization  resistance  measurements  which  are  in  good 
agreement  with  those  of  self-corrosion,  show  that  the  corrosion  kinetic  is  minimized  in  slightly  neutral 
solutions  (pH  =  7). 

©  2012  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Because  of  the  low  atomic  mass  of  aluminium,  high  energetic 
capacity  (2980  Ah  kg-1),  along  with  the  negative  value  of  standard 
electrode  potential  (-1.66  V  vs.  NHE),  low  cost,  and  no  pollution, 
Al-air  battery  is  a  promising  power  source  and  energy  storage 
device  [1—3],  However  currently,  the  Al-air  battery  is  still  not  as 
popular  as  Zn-air  battery  [4].  The  major  problem  is  that  Al  anode 
exhibited  some  less  attractive  properties,  such  as  the  protective 
oxide  film,  which  is  spontaneously  formed  on  Al  surface  in  air  and 
in  aqueous  solutions,  and  severe  self-corrosion  during  battery 
discharge  [5,6].  Due  to  presence  of  oxide  film,  the  corrosion 
potential  of  Al  electrode  is  shifted  in  the  positive  direction  (almost 
for  -0.8  V  vs.  NHE),  and  the  active  dissolution  of  Al  is  slowed  down 
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considerably  [7,8].  The  addition  of  alloying  elements  such  as  In,  Ga, 
Hg,  Sn  shifts  the  potential  towards  more  negative  potentials, 
causing  the  so-called  activation  of  Al  [9—11],  This  wasteful  self¬ 
corrosion  resulted  in  severe  capacity  loss  and  low  anodic  effi¬ 
ciency,  and  these  disadvantages  have  delayed  the  development  of 
Al-air  battery  and  limited  its  commercial  exploitation.  For  the 
purpose  of  reducing  the  self-corrosion  of  Al  alloys  the  measures 
were  taken:  use  alloying  with  the  elements  of  high  hydrogen  over¬ 
potential  such  as  Pb,  Zn  and  Sn,  etc  [12—16].  The  paper  [17] 
investigated  the  effects  of  Mg  and  Ti  on  microstructure  and  elec¬ 
trochemical  performance  of  Al— Zn— In  alloy.  The  Al— Zn— Mg— In— Ti 
series  anodes  have  become  popular  in  China  [18,19].  In  order  to 
further  reduce  the  self-corrosion  of  the  alloy,  it  is  necessary 
reducing  the  harmful  effects  of  impurity  Fe  element.  Mn  element 
can  be  come  into  being  Ale  (Mn,  Fe)  in  the  alloy  and  the  potential  of 
Al6  (Mn,  Fe)  is  almost  the  same  with  that  Al  based,  thereby  reducing 
the  harmful  effects  of  the  impurities  Fe  [20,21].  Thus  the  Al— 5Zn- 
lMg— 0.02In— 0.05Ti— 0.5Mn  anode  is  developed. 
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The  high  dissolution  rate  of  aluminium  in  the  concentrated 
alkaline  solutions  is  known  to  stem  from  the  attack  by  hydroxyl  ions 
in  the  solution  [22],  It  has  been  reported  that  the  addition  of  Cl-  ions 
to  acidic  and  neutral  solutions  increases  the  anodic  dissolution  rate 
of  aluminium  [23,24].  The  paper  [25]  investigated  the  corrosion 
behaviour  of  Al— 5Zn— lMg— 0.02In— 0.05Ti— 0.5Mn  alloy  in  3.5% 
NaCl  solution.  However,  it  provides  little  information  about  the 
anodic  dissolution  of  the  alloy  in  acidic  and  alkaline  solution.  The 
present  work  is  aimed  to  study  the  corrosion  behaviour  of  the  alloy 
in  acidic  and  alkaline  solution  and  different  pH  of  NaCl  solutions.  The 
effect  of  the  pH  solutions  and  the  potentiodynamic  anodic  polari¬ 
zation  on  the  localized  corrosion  of  the  alloy  will  be  considered. 

2.  Experimental 

2.2.  Material  preparation 

The  nominal  compositions  of  alloy  in  present  experiment  are  5% 
wt  Zn-l%wt  Mg-0.02%  wt  In-0.05%  wt  Ti-0.5%  wt  Mn— Al.  Raw 
materials  are  commercial  pure  aluminium,  zinc,  indium,  magne¬ 
sium,  titanium,  manganese  ingots  (>99.9%)  for  casting  the  above 
anode  alloy.  Raw  material  ingots  were  cut,  dried,  weighed  the 
required  amount  of  materials  and  melted  in  a  graphite  crucible  in 
ZGJL0.01-4C-4  vacuum  induction  furnace  under  argon  atmosphere 
at  760  °C.  The  molten  alloy  was  poured  in  a  preheated  cast  iron  dye. 
The  ultimate  composition  of  the  alloy  was  analyzed  by  direct 
reading  spectrometer,  and  the  result  is  shown  in  Table  1. 

2.2.  Electrochemical  measurements 

The  electrochemical  tests  were  carried  out  with  three  electrodes 
system  at  room  temperature  by  CHI660C  electrochemical  test 
system  (CHI  Company,  USA).  A  saturated  calomel  electrode  (SCE) 
served  as  the  reference  electrode  and  a  Pt  sheet  was  used  as  the 
counter  electrode. 

The  working  electrodes  of  open  circuit  potentials  measured 
with  an  exposed  area  of  1  cm2.  The  samples  were  ground  with 
emery  paper  (grade  400—800—1000—2000)  and  then  cleaned  with 
triply  distilled  water.  Measurements  were  performed  in  these 
solutions  for  1  h. 

The  electrolytes  used  in  this  study  were  4  M  NaOH  solutions, 
0.6  M  NaCl  solutions  and  1  M  HC1  solutions.  All  solutions  were 
prepared  with  distilled  water  and  analyticalgrade  reagents.  NaCl 
was  added  to  the  distilled  water  in  requisite  amount  to  make 
a  solution  with  concentration  0.6  M  (3.5  wt%)  NaCl.  The  pH  of  the 
solutions  was  adjusted  by  using  analyticalgrade  reagent  sodium 
hydroxide  (NaOH)  and  hydrochloric  acid  (HC1).  All  of  the  pH 
measures  were  made  by  mean  of  pH-metre. 

The  potentiodynamic  polarization  was  measured  at  a  scan  rate 
of  1  mV  s"1  by  CHI660C  electrochemical  test  system  after  Pt  sheet 
and  the  sample  electrodes  were  suspended  in  solutions  for  1  h. 
Several  polarization  tests  were  performed  on  each  of  the  samples  to 
build  up  a  representative  indication  of  the  corrosion  behaviour. 


Fig.  1.  Evolution  of  the  open  circuit  potential  vs.  time  in  different  solutions  for  samples 
of  the  alloy. 


(grade  400—800—1000—2000)  and  immersed  in  different  solutions 
for  24  h.  The  weight  of  the  samples  before  and  after  immersion  was 
measured  after  cleaning  the  corrosion  products  formed  on  the 
sample  surface.  The  corrosion  products  of  the  samples  were  clean¬ 
out  in  solutions  of  2%  C1O3  and  5%  H3PO4  at  80  °C  for  about  5  min, 
then  rinsed  by  ethanol. 

The  corrosion  rate  was  calculated  using  the  formula: 


Corrosion  rate  =  Weight  loss/  surface  area/  time  of 
immersion  (\ng  cm~2  min_1j 

The  anode  surface  after  corrosion  or  polarization  was  examined 
using  JSM-5610LV  scanning  electron  microscope  (SEM). 


3.  Results  and  discussion 


3.2.  Open  circuit  potential  (OCP) 

Fig.  1  shows  the  OCP  vs.  time  curves  obtained  with  samples 
immersed  in  different  solutions.  Several  OCP  tests  were  performed 
on  each  of  the  samples  to  build  up  a  representative.  It  can  be  seen 
that  the  OCP  of  the  samples  is  observed  to  change  more  negative 
potentials  with  pH  increasing.  The  curves  clearly  show  that,  in  the 
acidic  and  neutral  solutions,  the  studied  material  exhibited  a  rela¬ 
tively  stable  steady  open  circuit  potential  around  -1000  mV.  In 
contrast  to  this,  exposure  to  1  M  HC1,  pH  11  and  4  M  NaOH  alkaline 
solutions  results  in  relatively  stable  steady  open  circuit  potential 
around  -576  mV,  -1274  mV  and  -1666  mV,  respectively.  This 
process  is  partially  dependant  on  the  electrolyte  chemical  compo¬ 
sition  [26,27], 

3.2.  Self-corrosion  rate 


2.3.  Self-corrosion 

The  samples  of  self-corrosion  tests  were  cut  to  0 
11.4  mm  x  5  mm.  The  samples  were  ground  with  emery  paper 


The  weight  loss  of  samples  in  different  solutions  for  24  h 
immersion  was  obtained  from  the  difference  between  weight  of  the 
samples  before  and  after  immersion.  Table  2  shows  the  values  of 
the  self-corrosion  rate  from  the  loss  of  weight  by  unit  of  surface 


Table  1 

Chemical  compositions  of  the  studied  alloy  (wt%). 


Element 

Zn 

Mg 

In 

Ti 

Mn 

Fe 

Cu 

Si 

C 

Al 

Composition 

5.020 

0.904 

0.024 

0.035 

0.436 

<0.001 

0.032 

0.062 

0.051 

Remainder 
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Table  2  Table  3 

Self-corrosion  rate  of  the  studied  alloy  in  different  solutions.  Corrosion  parameters  of  the  studied  alloy  in  Fig.  2. 


Solutions 

Initial 

Mass  after 

Weight 

Corrosion 

Corrosion 

Solutions 

Rp/O 

Jcorr/A  cirr2 

mass/g 

corrosion/g 

loss/mg 

rate/mg  cm  2  h  1 

rate/cm  year  1 

1  M  HC1 

236 

1.428  x  1(T4 

1  M  HC1 

0.8722 

0.8163 

55.9 

2.392 

7.754 

pH  4 

7834 

2.44  x  1(T6 

pH  4 

0.8104 

0.809 

1.4 

0.062 

0.195 

pH  7 

10,063 

2.33  x  1(T6 

pH  7 

1.0524 

1.0519 

0.5 

0.022 

0.065 

pH  11 

1968 

1.050  x  10~5 

pH  11 

4  M  NaOH 

0.5063 

0.9998 

0.5045 

0.0709 

1.8 

928.9 

0.075 

38.473 

0.227 

124.814 

4  M  NaOH 

5 

9.348  x  10~3 

area,  corresponding  to  samples  of  the  alloy  submitted  to  immersion 
tests  of  24  h.  The  results  from  this  table  demonstrate  that,  when  the 
alloy  is  submitted  to  immersion  in  neutral  solutions,  a  decrease  is 
produced  in  the  weight  loss,  self-corrosion  rate,  and  an  increase  is 
seen  in  this  if  the  values  of  the  pH  are  displaced  in  acidic  or  alkaline. 
In  other  words,  there  is  an  increase  in  the  alloys  susceptibility  to 
corrosion  in  the  acidic  and  alkaline  solutions. 

The  results  obtained  above  can  be  interpreted  by  considering 
the  fact  that  the  chemical  reactions  of  aluminium  alloy  are  unusual 
in  the  sense  that  these  materials  are  amphoteric,  i.e.,  soluble  in  acid 
as  well  as  in  alkali  solutions  [28].  In  acidic  solution,  the  solubility  of 
Al3+  facilitates  the  dissolution  of  the  Al  matrix  and  further  accel¬ 
erates  the  chloride  attack.  However,  the  corrosion  mechanism  of 
aluminium  alloy  in  neutral  and  alkaline  media  is  related  with  the 
formation  of  protective  layer  of  aluminium  hydroxides  Al(OH)3.  The 
oxide  film  is  uniformly  thinned  by  the  chemical  dissolution,  which 
is  facilitated  by  the  presence  of  high  OH-  concentration  in  alkaline 
solution  [29].  Whereas  in  neutral  solutions,  the  passive  film  of 
aluminium  hydroxides  (Al(OH)a)  formed  on  alloy  surface  is 
remarkably  stable  due  to  its  low  solubility,  acts  as  protector  for  this 
alloy  against  corrosive  agents. 

3.3.  Potentiodynamic  polarization 

Fig.  2  shows  typical  potentiodynamic  polarization  curves  for  the 
samples,  obtained  in  different  solutions.  A  similar  shape  is  observed 
in  two  polarization  curves  which  were  obtained  in  pH  4  and  pH  7 
solutions,  with  a  little  difference  on  their  cathodic  branch 
controlling  the  corrosion  process,  indeed  the  current  density  in  pH 
7  solutions  is  the  lowest.  The  onset  of  pitting  is  not  visible  in  these 
two  cases  since  the  pitting  potentials  £pit  coincided  with  the 
corrosion  potentials  Ecor.  From  these  results,  it  can  be  concluded 
that  the  main  corrosion  mechanism  in  these  solutions  of  pH  values 


4  and  7  is  pitting  corrosion  and  the  pitting  potential  is  independent 
of  pH  over  this  pH  range  [30]. 

On  the  contrary,  in  case  of  alkaline  solutions  (pH  =  11 ),  the  values 
of  corrosion  potential  £COr  were  observed  to  be  lowered  to  more 
cathodic  values,  from  -1012  mV  to  -1271  mV  without  a  change  in 
the  pitting  potential.  Further,  the  decrease  in  the  corrosion  potential 
ECor  values,  compared  to  those  of  pH  4  and  neutral  pH,  indicate  the 
loss  of  passivity  of  the  alloy  due  either  to  thinning  of  surface  oxide 
layer  by  hydroxide  ion  (OH-)  attack  (alkaline  chemical  dissolution) 
or  to  the  absence  of  the  primary  oxide  film  [31  ]. 

However,  by  increasing  the  solution  pH,  the  pitting  potential 
remained  unchanged,  a  separation  of  the  £cor  from  the  pitting 
potential  (EPit  —  £cor)  was  observed  from  the  polarization  curves  of 


log  i  ( A  cm 2) 

Fig.  3.  Cyclic  polarization  curve  obtained  with  the  alloy  in  solutions  of  0.6  M  NaCl  at 
pH  =  7  (this  curve  is  similar  to  that  of  pH  =  4). 


Fig.  2.  Polarization  curves  obtained  with  samples  of  the  alloy  in  solutions  of  1  M  HC1, 
0.6  M  NaCl  at  pH  =  4,  at  pH  =  7  and  4  M  NaOH. 


Fig.  4.  Cyclic  polarization  curve  obtained  with  a  samples  of  the  alloy  in  solutions  of 
0.6  M  NaCl  at  pH  =  11. 
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Fig.  2  and  at  the  same  time,  anodic  current  density  plateau  region 
was  formed  below  the  pitting  potential  £Pjt.  The  reasonable  value  of 
the  anodic  current  density  within  this  plateau  region 
(3.16  x  1CT5  A  cm-2),  which  may  presumably  arise  from  either  the 
charge  transfer  reaction  at  the  electrolyte/oxide  film  interface  or 
the  Al3+  ion  transport  through  the  oxide  film  [32]. 

Comparing  the  cathodic  branches  of  the  polarization  curves  for 
this  system  in  different  solutions,  it  can  be  observed  that,  while  the 
samples  in  1  M  HC1  acidic  solutions  and  4  M  NaOH  alkaline  media 
show  high  cathodic  current  densities  /cathodic,  the  samples  of  the 
alloy  exhibit  a  low  cathodic  current  density  /cathodic  at  slightly 
neutral  pH  7  media  (Fig.  2).  Further,  the  cathodic  current  density 
f cathodic  of  this  system,  which  is  equivalent  to  corrosion  rate,  is 
found  to  be  in  the  order  4  M  NaOH  >  1  M  HC1  >  pH  11  >  pH  4  >  pH 
7.  This  result  agrees  well  with  the  preceding  one. 

A  similar  result  to  the  above  one  were  drawn  from  the  analysis 
of  the  values  of  polarization  resistance  (Rp)  and  exchange  current 


density  (/corrosion)  calculated  from  the  corresponding  polarization 
curves  recorded  for  samples  of  the  alloy  exposed  to  different 
solutions  (Table  3).  Thus,  in  Table  3  the  values  of  Rp  and  /corr  of 
different  solution  are  represented. 

The  results  from  this  table  clearly  demonstrate  that,  the  polar¬ 
ization  resistance  (Rp)  of  the  alloy  was  found  to  be  a  maximum  in 
the  slightly  neutral  pH  7  solutions  (about  1.0  x  104  Q).  Furthermore, 
in  this  table  it  can  be  appreciated  how,  in  line  with  the  results  of 
self-corrosion  rate  measurements,  there  is  a  fall  in  the  polarization 
resistance  Rp  values,  and  accordingly  an  increase  in  the  dissolution 
activity  of  the  system  when  the  pH  of  solution  was  displaced  in 
acidic  or  in  alkali  values.  This  fact  is  consistent  with  the  maximum 
self-corrosion  rate  of  the  alloy  in  alkali  solution  and  a  minimum 
self-corrosion  rate  in  slightly  neutral  pH  7  solutions,  as  it  can  be 
observed  in  Table  2.  Assuming  the  alloy  density  similar  to  that  for 
pure  Al  of  2.7  g  cm-3,  the  corrosion  rate  translates  to  a  linear 
penetration  rate  and  shown  in  Table  2.  The  lowest  rate  of 


Fig.  5.  Micrograph  of  sample  polished  to  mirror  quality  (a),  and  corrosion  morphology  of  samples  after  24  h  immersion  in  different  solutions:  1  M  HC1  (b),  pH  4  (c),  pH  7  (d),  pH  11 
(e)  and  4  M  NaOH  (f). 
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0.065  cm  year-1  (pH  7  NaCl)  is  too  high  for  a  practical  metal  air 
anode.  So,  the  alloy  is  unsuitable  as  an  cells.anode  in  a  power 
producing  aluminium  air 

3.4.  Cyclic  polarization 

One  of  the  tests  to  assess  the  susceptibility  of  the  alloy  to 
localized  corrosion  and  passive  stability  was  the  cyclic  potentio- 
dynamic  polarization  technique  at  low  scan  rate.  Pitting  suscepti¬ 
bility  can  be  predicted  fairly  reliably  from  the  anodic  portion  of 
a  scan.  If  the  reverse  anodic  curve  is  shifted  to  lower  currents 
(negative  hysteresis)  or  if  the  reverse  curve  essentially  retraces  the 
ascending  curve  (neutral  hysteresis),  no  pitting  is  expected.  In 
contrast,  if  the  reverse  anodic  curve  is  shifted  to  higher  currents 
than  the  forward  curve  (positive  hysteresis),  pitting  is  expected. 

A  typical  cyclic  potentiodynamic  polarization  curve  obtained  for 
the  alloy  in  contact  with  0.6  M  NaCl  solutions  having  slightly 
neutral  pH  7  was  shown  in  Fig.  3.  The  solid  arrows  next  to  the 
forward  and  the  reverse  anodic  branches  indicate  potential  scan 
directions.  The  alloy  did  not  show  a  classical  passive  region  with  the 
current  density  totally  independent  of  applied  potential.  Fig.  3 
shows  an  example  of  positive  hysteresis,  with  pitting  potential 
located  at  the  same  position  of  that  of  corrosion  potential,  repas¬ 
sivation  potential  Erp  less  than  the  Ec or  and  large  area  of  the 
hysteresis  loop,  suggesting  the  nucleation  and  growth  of  pitting 
during  the  reverse  scan  [33].  In  general,  the  larger  the  area  of  the 
hysteresis  loop  is,  the  greater  the  susceptibility  of  the  material  to 
pitting  corrosion.  After  the  tests,  the  examined  samples  of  the  alloy 
showed  the  same  morphology  of  the  attack  by  pitting. 

Fig.  4  shows  the  cyclic  potentiodynamic  polarization  for  the 
alloy  sample  in  aqueous  solution  at  pH  =  11.  The  material  showed 
a  classical  passive  region  with  the  current  density  practically 
independent  of  applied  potential  up  to  pitting  potential 
£pit  =  -1035  mV.  Then,  the  current  density  increased  abruptly  until 
reaching  certain  value  after  that  it  continue  to  increase  very  slightly 
with  increasing  potential  and  the  reverse  polarization  curve 
showed  a  positive  hysteresis,  suggesting  the  nucleation  and  growth 
of  pitting  corrosion  at  the  point  of  potential  breakdown  (£Pit). 
Although,  the  pitting  corrosion  was  preceded  by  uniform  thinning 
of  the  oxide  film  and  uniform  dissolution  overwhelmed  the  pitting 
corrosion. 

3.5.  Morphology  of  corrosion  attack 

Fig.  5a  presented  microstructure  for  the  alloy  and  polished  to 
mirror  quality.  This  micrograph  is  presented  here  for  comparison 
with  those  of  corroded  samples.  In  this  figure,  the  alloy  is  mainly 
consisted  of  a-Al  matrix  with  tiny  precipitates.  Fig.  5b— d  shows  the 
micrograph  of  the  surface  of  the  sample  after  24  h  immersion  in 
1  M  HC1  solutions,  0.6  M  NaCl  solutions  at  acidic  pH  (pH  =  4)  and 
slightly  neutral  (pH  =  7)  respectively.  Hemispherical  pits  with 
different  size  were  grown  throughout  the  surfaces  of  the  samples  as 
the  result  of  the  corrosion  of  the  alloy  matrix  in  the  vicinity  of  the 
precipitates.  Attack  with  similar  morphology  has  been  reported  by 
other  authors  as  localized  alkaline  corrosion  [34]. 

These  micrographs  clearly  show  that  the  damage  caused  by  this 
type  of  corrosion  is  accentuated  in  solutions  of  acidic  pH  comparing 
to  slightly  neutral  solution,  suggesting  that  the  anodic  activity  of  the 
system  became  intense  with  this  acid  range  of  pH.  Exposure  to 
solutions  of  alkaline  pH  results  in  more  intense  corrosion  attack. 
Fig.  5e  and  f  shows  the  morphology  of  the  sample  surface  immersed 
in  0.6  M  NaCl  at  pH  =  11  and  4  M  NaOH  solutions  for  24  h. 

SEM  micrograph  of  the  corroded  surfaces  of  the  alloy  after  the 
potentiodynamic  polarization  shows  a  novel  morphology  which  is 
considerably  different  from  that  produced  by  immersion 


Fig.  6.  SEM  micrograph  of  sample  after  potentiodynamic  anodic  polarization  in  4  M 
NaOH  solutions. 

experiments.  As  can  be  observed  in  Fig.  6,  the  treatment  of  the  alloy 
samples  using  potentiodynamic  anodic  polarization  leads  to  the 
formation  of  crystallographic  pitting,  similar  to  that  described  by 
Brunner  et  al.  [35]  for  pure  aluminium  and  aluminium  alloys.  The 
presence  of  some  of  geometric  facets  can  be  explained  by  the  fact 
that  the  attack  occurs  probably  according  to  well  defined  crystal¬ 
lographic  directions  [36]. 

The  SEM  micrographs  (Figs.  5  and  6)  of  the  corroded  surfaces  of 
the  alloy  after  immersion  tests  and  potentiodynamic  polarization 
experiments  strongly  support  the  above  electrochemical  features. 

4.  Conclusions 

This  paper  describes  a  study  conducted  on  the  effects  of  1  M  HC1 
solutions,  4  M  NaOH  and  with  different  pH  NaCl  solutions  on  the 
corrosion  behaviour  of  Al— 5Zn—  lMg— 0.02In— 0.05Ti— 0.5Mn  alloy. 
The  corrosion  behaviour  of  the  alloy  was  found  to  be  dependant  on 
the  acidity  and  alkalinity  of  solutions.  The  results  obtained  by  self¬ 
corrosion  rate,  that  the  alloy  undergoes  a  corrosion  process  due  to 
intense  chemical  dissolution  by  OH'  in  alkaline  solutions  and  at 
relatively  low  degree  in  acidic  solution.  This  means  that  this 
material  exhibit  a  notable  corrosion  resistance  in  neutral  chloride 
solutions  which  is  well  validated  by  Rp  and  /cori •  measurement. 

The  potentiodynamic  polarization  curves  showed  that  the 
pitting  potential  EPit  is  independent  of  the  pH  value.  The  curves 
showed  also,  that  an  increase  in  the  pH  shifts  the  corrosion 
potential  Ecor  to  more  active  values  and  enlarges  the  width  of  the 
passive  region  below  the  pitting  potential  £pit>  This  clearly  means 
that  uniform  thinning  of  the  initial  oxide  through  the  chemical 
dissolution  by  hydroxide  OH'  ion  attack  dominates  over  the  pitting 
corrosion  by  chloride  Cl-  ion  attack,  which  is  well  validated  by  the 
cyclic  potentiodynamic  polarization  curves. 

Experience  revealed  that  the  alloy  undergoes  two  types  of 
localized  corrosion  process,  leading  to  the  formation  of  hemi¬ 
spherical  and  crystallographic  pitting.  Hemispherical  pitting  is 
found  to  occur  on  the  surface  of  this  material  under  a  simply 
exposure  in  chloride  solution  whereas  for  the  formation  of  the 
crystallographic  pits,  it  is  necessary  to  polarize  the  alloy. 
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